The Active Territorial Defense Hypothesis (ATDH) and Passive Range Exclusion Hypothesis (PREH) are contrasted as possible explanations for patterns of latrine use in a high-density population of the European badger (Meles meles) in the United Kingdom. Using bait-marking techniques, temporal patterns in latrine use by individuals and social groups were investigated to test for any systematic marking behavior, especially whether coordination of individual actions might be involved in the group territorial marking strategy. Latrine use by 4 groups was concentrated primarily along territory boundaries and particularly along parts of the boundary closer to that group's sett, rather than closer to active feeding areas. Boundary latrines were used to a similar extent by each group, with a consistent percentage (but differing subset) of a group's boundary latrines used daily. Individually, badgers preferentially used certain latrines and male badgers, in particular, showed a tendency to deposit more feces in latrines closer to their group sett. Our results indicate that badgers partition the collective responsibility of marking their territories, with the result that their entire boundaries are marked regularly and consistently, regardless of where focal individuals may be feeding. Individuals did not simply defecate at the section of boundary closest to where they happened to be active, but rather according to a pattern resulting in comprehensive, regular group coverage of the border. The patterns of latrine use accorded more closely with the ATDH than the PREH. This study provides evidence that badgers may cooperate systematically to defend their territories.
Models of the evolution of apparently noncooperative groups have focused on the phenomenon of group territoriality, prompted by the question of why an animal should hold a territory, presumably in response to resource competition, and then allow additional animals to share it. Territoriality is generally considered to result in some selective advantage being conferred upon the individual, for example, gaining exclusive access to critical, limited resources such as food, mates, or shelter (Davies and Houston 1984) . The territory holder also can derive benefits such as reduced (i.e., shared) predator vigilance (Pulliam et al. 1982) , or increased fecundity (Doolan and Macdonald 1999; Russell et al. 2002) . These benefits contrast with costs of defense, such as the time and energy required in territorial defense, reduced mating opportunities (Creel et al. 1997) , or increased competition for limited resources such as food (Chapman and Chapman 2000) . The balance between these costs (energy expenditure and mortality risk) and benefits (access to resources) determine territory size, thus a territory can be defined as an area within an individual's or group's home range over which the individual or group has exclusive or priority use, and which it defends against conspecifics and sometimes other species (Powell 2000) . The configuration, size, and defense of territories by individuals or larger social units may be related to patterns in the availability of limiting resources, such as food, mates, and nesting or denning sites (Bekoff and Wells 1982; Doncaster and Macdonald 1992; Macdonald 1981 Macdonald , 1983 Macdonald and Carr 1989; Macdonald et al. 2004; Stamps 1994) . Territorial behavior can thus have strong effects on population structure and dynamics, and is therefore critical to the understanding of animal ecology in general (Adams 2001) .
The social units of the European badger (Meles meles) vary in size from groups of 2-30 individuals in southern England (Buesching et al. 2003; da Silva and Macdonald 1989; Kruuk 1989; Neal and Cheeseman 1996; Stewart et al. 1997b; Wilson et al. 1997) to solitary individuals in continental Europe and Japan (Goszczynski 1999; Pigozzi 1987; Yamamoto et al. 1995) . At high densities, such as in lowland United Kingdom, social groups occupy a ''fairly'' exclusive territory, centered around a communal sett (Kruuk 1989) , and although members of each social group may share a core feeding area, they are solitary feeders, have no contemporary natural predators, and unlike many other group-living carnivores (Gittleman 1989; Kruuk 1975; Pusey and Packer 1993) , there is little evidence of cooperative behavior (Johnson et al. , 2001 (Johnson et al. , 2002 Kruuk 1978a Kruuk , 1978b Macdonald 1983; Revilla and Palomares 2002; Macdonald 1993, 2000) .
This formation of noncooperative social groups is believed to be based on the spatiotemporal pattern of food availability, with the result that groups may form without any functional benefits of group-living (da Silva et al. 1993; Kruuk 1978a; Macdonald 1983 ). However, members of badger groups systematically deposit feces at the borders of group ranges within a system of scent-marking stations termed ''latrines'' (Buesching 2000; Kruuk 1978b; Stewart et al. 2001) . Scent marking is a conspicuous element of the behavior of many carnivores (Brown and Macdonald 1985; Macdonald 1984) and scent marking and latrine use are often interpreted in terms of territorial defense (Allen et al. 1999; Buesching and Macdonald 2001; Buesching et al. 2003) . Border latrines are shared by members of the same and neighboring groups and generally delimit a boundary area between neighboring core ranges. In contrast, hinterland latrines (those within, not along, the boundaries) are used by several, or all, members of a single group (Kruuk 1978a; Roper et al. 1993) . Badger feces, urine, and secretions from the anal, subcaudal, and interdigital glands may be deposited at the latrines Kruuk 1978a) and anal secretions deposited with feces are individual-specific and identifiable by group (Christian 1993; Davies et al. 1988) , whereas subcaudal secretions confer information about the sex and reproductive status of individuals (Buesching et al. 2002a (Buesching et al. , 2002b (Buesching et al. , 2003 . This indicates that latrines act as a site for the exchange of olfactory information (Roper et al. 1986 (Roper et al. , 1993 Stewart et al. 2002) . However, the territorial role of such deposits remains unclear, and the Passive Range Exclusion Hypothesis (PREH- Stewart et al. 1997a Stewart et al. , 2001 , Resource Dispersion Hypothesis (Johnson et al. 2001; Johnson and Macdonald 2003; Kruuk 1978a; Kruuk and Macdonald 1985) , and Active Territorial Defense Hypothesis (ATDH- Stewart et al. 1997a Stewart et al. , 2001 ) among others are all plausible hypotheses with implications for the pattern of latrine use.
Many species use feces to demarcate territories or home ranges (e.g., ringtail [Bassariscus astutus- Barja and List 2006] , swift fox [Vulpes velox-Darden et al. 2008] , and tiger [Panthera tigris -Smith et al. 1989 ]-reviewed in Brown and Macdonald 1985; Estes 1991) , likely because they have a minimal energetic cost to the signaler (Gosling 1981 (Gosling , 1985 . However, the use of feces is constrained by their availability (Estes 1991; Hendrichs 1975; Komers 1996; Walther 1978) unless some level of cooperation occurs. Based on the apparent lack of other evidence of cooperation between group-living badgers, the formation and maintenance of regularly marked supra-abundant latrine sites at high population densities suggests that some form of mutual advantage or division of responsibility may operate in this species (Stopka and Johnson 2000) . With this in mind, the ATDH and PREH provide intriguing explanations for badger spatial organization and thus the framework within which scent marking would be interpreted.
The ATDH proposes that fecal abundance is used to signal the likelihood of encountering a neighboring badger across the border (Stewart et al. 1997a) . If feces are used to signal intent of aggressive defense, then the number of feces per boundary latrine might be expected to decrease in those latrines that are farther away from the main sett (Stewart et al. 2001 ). An alternative, the PREH (Stewart et al. 1997a (Stewart et al. , 2001 , proposes gradients of food exploitation in which border latrines would mark an isopleth of resource depletion between groups, that is, a point of foraging optimality with a greater number of feces located in latrines closer to favored feeding areas.
In lowland United Kingdom, where badgers are groupliving, solitary feeders, their use of latrines raises several fundamental questions: Do all group members participate in marking at border latrines? If so, do feces accumulate at these latrines indiscriminately, or is latrine use related to the proximity of important resources such as temporarily rich feeding sites or the group sett? Third, does latrine use demonstrate individual-specific marking patterns along the border, which might result from social constraints, individual restraint, or a systematic division of labor within the group ensuring effective border coverage?
By examining latrine use by individuals and social groups over 4 months, we examined the mechanisms involved in marking and the extent to which marking can be considered systematic or even collaborative. First, we investigated whether latrine use accorded more closely with either the ATDH or PREH, and, if it was the former, whether there was any evidence that individual marking patterns become systematic at the group level, potentially indicative of cooperative territorial group defense. Here, we define such collaborative strategy according to 3 possible models: First, each individual deposits feces at random with respect to those of other members of its group resulting in heterogeneous group-range coverage but not itself demonstrating active cooperation. Second, each individual marks its own unique part of the group range, resulting in more complete coverage by the resident group. This would not necessarily affirm cooperation, unless such actions were proactive rather than reactive with regard to other group members. Third, individuals deploy feces irrespective of their own movements but with reference to latrine use by other group members, resulting in more complete (more homogeneous) coverage of the group's range. This would suggest strategic cooperation, insofar as the activity of the group exceeds the capacity of uncoordinated individuals to affect effective group-range coverage. Macdonald and Newman [2002] ). No data were available for November 2003 because the woods were closed for deer management.
MATERIALS AND METHODS
A total of 4 neighboring, comparably sized badger groups were used in the study. These were designated group A (17 individuals), group B (15 individuals), group C (20 individuals), and group D (15 individuals). All 4 setts were used for the group bait-marking (described below). In addition, group A was chosen for individual bait-marking (described below) based on the position of the sett at the base of a steep bank, which enabled the researcher to view the sett easily without disturbing the badgers.
Social-group bait-marking.-Group bait-marking (Cheeseman et al. 1981; Delahay et al. 2000; Kruuk 1978b; Roper et al. 1986 ) was undertaken to establish the extent of latrine use (number of days out of 20 days that a latrine was used by each group and mean number of feces deposited by that group at the latrine) by the 4 social groups and to determine whether or not badgers collectively marked the periphery of their group territory in a uniform and consistent manner.
Bait consisted of peanuts and colored plastic (alkathene) beads, 2 mm in diameter (Greyland Plastics, Evesham, United Kingdom) mixed at a ratio of approximately 15:1 and coated with golden syrup (Tate & Lyle, London, United Kingdom) to act as a binder. Bait was placed at each of the main setts of the 4 groups during 2 periods, August 2003 and October 2003. Spoonfuls of bait were deposited into each burrow entrance every day shortly before dusk for 10 consecutive days. A different colored plastic marker was used for each social group.
Before bait-marking, 2 trials were undertaken to determine the badger's gut transit time when consuming bait. Each trial involved bait-marking all 4 focal groups once, and then surveying the latrines daily until no more plastic beads were found in fresh feces. The beads were observed to pass through the badgers within 1 night and no beads were found in feces more than 24 h after initial bait consumption; this confirmed that daily bait-marking would represent daily latrine use. In addition, the study area was surveyed for latrines in active use and for those that had been used by the focal groups previously, but were not currently in use, as established by bait-marking conducted in April 2003. Global positioning system locations of all latrines were recorded using a Garmin global positioning system (model Gecko 201; Garmin Ltd., Olathe, Kansas) and displayed in ArcView GIS 3.2 program (ESRI, Inc., Redlands, California).
Individual bait-marking.-Individual bait-marking was undertaken during September 2003 to the beginning of January 2004 to establish whether individual latrine use was random. Adapting the methodology used by Stewart et al. (2001) , 4 specially designed ''feeders'' were constructed at the sett, which allowed a maximum of 4 individuals to be fed marked bait per night. Feeders consisted of 90-to 100-cm-long plastic drainpipes secured to the trunk of a tree on top of the sett, with the bottom end modified to allow only a single badger's head to fit inside. Small plastic pots (200 ml) were attached to a pole running down the middle of the feeder. Working on a pulley system, these pots were moved up and down the pole, using fishing line, by the observer situated 10-12 m up a hillside above the sett, thus allowing the observer to pull bait out of the reach of a nontarget individual when necessary.
To minimize the risk of individuals becoming dependent on the food source and altering their foraging patterns (Cuthill 1991) , individuals were fed bait only once a night, when they emerged from the sett at dusk. Each individual was fed a different colored plastic marker. Individuals were identified from their unique clip marks (described in more detail below) at night by the use of an infrared video camera and infrared lamps (Stewart et al. 1997b) , and single target individuals were fed at each of the 4 pots. Once that badger had finished eating, the pots were pulled inside the tubes to prevent consumption of bait by nontarget individuals.
Individual bait-marking was undertaken on alternate nights so that bait-marking of group A also could be carried out to ensure that no significant changes in general latrine use by group A (as observed previously by the group bait-marking observations) were occurring during this period. A total of 10 clip-marked and 3 unclipped (but identifiable by unique features) individuals were fed different colored bait.
Badger trapping and handling.-Badgers have been studied continuously at Wytham Woods since the 1970s (Kruuk 1978a (Kruuk , 1978b ) and the population has been trapped (and marked by permanent tattoo on 1st capture) 4 times per annum since 1987. For detailed methods see Macdonald and Newman (2002) . All trapping and handling procedures were in accord with the United Kingdom Animals (Scientific Procedures) Act, 1992, were approved by an institutional ethical review committee, and met guidelines approved by the American Society of Mammalogists (Gannon et al. 2007 ). Upon capture each individual was given a unique fur clip and was thus easily identifiable, that is sex and other biometric data were known from trapping records. The clip removes a minimum of dark guard hair to reveal dense white underfur and has proven to be a successful visual compliment to the permanent tattoo (Baker et al. 2005 (Baker et al. , 2007 Buesching et al. 2003; Stewart et al. 1997b) .
Latrine classification and surveying.-Latrine use by all 4 social groups and individuals was examined. Latrines used by .1 bait-marked group were classified as boundary latrines, latrines containing only bait-marked feces from 1 social group were classified as hinterland latrines (see Roper et al. 1993) , and a 3rd classification consisted of latrines that contained only 1 bait-marked feces and 1 or more non-bait-marked feces that could therefore not be categorized satisfactorily into boundary or hinterland latrines; these data were therefore included in the analysis of use of latrines in relation to food resources but not in the analysis of latrine use in relation to distance of latrines from a group's sett.
Systematic and comprehensive latrine surveys were carried out daily during the group bait-marking and individual baitmarking periods. At each latrine, the numbers of colored and noncolored feces were recorded, and the dominant food content in the feces was noted. The feces were not moved or disturbed in any way to minimize disruption of normal behavior. Once examined, we covered the feces with a very light sprinkling of sand to avoid recounting, while wearing clean plastic gloves to avoid scent contamination.
At the end of the group bait-marking periods, latrines beyond previously established boundaries for the 4 social groups also were surveyed for bait-marked feces to determine whether the boundaries had altered since the previous full baitmarking study in spring 2003.
Fecal contents.-Fecal contents were used to determine where different groups foraged. Fecal composition, by volume, was established by visual examination at the latrine. Primary fecal contents were easily identified without the need to disturb the feces and thus risk influencing badger behavior. Primary fecal contents were recorded as 1 of the following: wheat (Triticum aestivum), earthworms (Lumbricus), blackberries (Rubus), peanuts, cereal (oats and other cereals but not wheat), sweet chestnut (Castanea sativa), sloes (Prunus spinosa), crab apples (Malus sylvestris), seeds, sweet corn (Zea mays), insects, or snails. Because of the small numbers of some food items observed, feces containing predominantly sloes, crab apples, and other fruits, but not blackberries, were grouped under ''fruits,'' and those containing insects, snails, seeds, or unidentifiable foods were grouped under ''others.'' Data analysis.-All data were analyzed with SPSS 11.5 (SPSS, Inc., Chicago, Illinois) and where appropriate displayed in ArcView 3.2. Nonparametric tests were used in the majority of cases because data were not distributed normally, despite transformation (Kolmogorov-Smirnov test; P , 0.05). Where appropriate (Kolmogorov-Smirnov test; P . 0.05), parametric tests were used (described below).
To examine whether group latrine use accorded more closely with the ATDH or PREH, patterns of general latrine use were 1st established to determine whether latrine use was random or not. General latrine use included latrines classified as either boundary or hinterland and those that could not be conclusively categorized as either, as described above. The total number of days (out of 20 survey days) for which a latrine was used, and the mean number of feces deposited per latrine by each group, were compared using the index of dispersion (I), where I is the variance (s 2 ) to mean (X ) ratio:
If latrine use is random, then the variance to mean ratio would be expected to equal 1.0. Significant departures of I from 1.0 were evaluated using chi-square (x 2 ) tests, calculated by multiplying I by the degrees of freedom v (n 2 1 [Krebs 1998 ]):
Sample size (n) represents the total number of latrines that each social group visited over the 2 bait-marking sessions, calculated as the total number of latrines in which fresh feces were recorded for each social group (Table 1) . Second, the data were examined for any correlation between the distance of a latrine from an important resource (i.e., ATDH or PREH) and the extent of its use by either a social group or an individual. Initial analysis of the data revealed that with bait-derived peanuts excluded (n 5 189), wheat, blackberries, and worms were found in the greatest percentage of feces (41.2%, 22.96%, and 14.69% for wheat, blackberries, and worms, respectively; n 5 932). Consequently, the minimum straight-line distance (m) of each latrine from the perimeter of either the nearest wheat field (wheat) or nearest pasture-grassland (worms and blackberries) and the 4 main setts (Fig. 1) was calculated using ArcView 3.2. Correlations between latrine use (number of days out of 20 that a latrine was used and number of feces deposited by a group at a latrine) and distance were then carried out using Spearman's rank order correlation to establish whether latrine use was a result of badgers defecating in latrines closest to the preferred feeding grounds (PREH) or closest to the main group sett (ATDH).
Differences in the frequency of latrine use and number of feces deposited in each latrine between the 4 groups were compared using the Kruskal-Wallis 1-way analysis of variance (ANOVA) to determine whether there were any common patterns in latrine use that might indicate some form of common marking strategy.
With regard to the individual bait-marking (individuals from group A), data from 8 known individuals (5 males and 3 females) were used in analyses, based on a minimum of 4 successful bait-marking sessions per individual. These individuals represented 46% of the total known minimum number alive estimate of group size at group A (n 5 17; 9 males and 8 females) and between them used 42% of the known group A latrines (n 5 36), and were therefore considered to provide a good representation of individual latrine use by group A. An r 3 c contingency table was used to examine associations between individuals and their use of certain latrines, that is, whether different individuals had unique or recurrent marking patterns, or both, along the territory border.
RESULTS
Group bait-marking.-A total of 105 latrines were surveyed and 1,192 feces were observed over 2 bait-marking sessions (20 days in total). Of these, 29 latrines were not used in any further analysis because they contained no bait-marked feces and 71 feces were not used in any further analysis because they were not bait-marked. The remaining 1,121 feces and 76 latrines were classified as boundary, hinterland, or other; all 1,121 feces were used in the analysis of general latrine use and fecal content with respect to distance of a latrine from important food resources (PREH) and 491 feces (bait-marked only) were used in the analysis of latrine use in relation to the distance of a latrine from a group's sett (ATDH).
General latrine use.-Initial analysis of the group baitmarking data established that both the number of days for which a latrine was used and the mean number of feces deposited per latrine by each of the 4 groups was not random and was aggregated (Table 2) . Latrine use was aggregated along the edges of boundaries previously identified through a combination of bait-marking studies, radiotracking, sett location, and topology ; Fig. 1) ; these latrines were predominantly boundary latrines.
Distance of latrines from the sett: evidence for the ATDH?-The average number of feces deposited at a latrine per day by a group was significantly greater at latrines closer to that group's main sett than in latrines farther away, but still within its territory (Spearman's rank order correlation: r s 5 20.302, n 5 111, P , 0.001). Similarly, latrines closer to a group's main sett were used more often by that group than latrines farther away (Spearman's rank order correlation: r s 5 20.193, n 5 111, P 5 0.04).
Distance of boundary latrines from the sett.-Boundary latrines closer to a social group's sett (,400 m) were used significantly more often by the resident social group (Spearman's rank order correlation: r s 5 20.444, n 5 64, P , 0.001) and had a significantly greater mean number of feces deposited per day in them (Spearman's rank order correlation: r s 5 2517, n 5 64, P , 0.001) than latrines farther away.
Individual use of latrines in relation to the group sett.-Male badgers deposited more feces (Spearman's rank order correlation: r s 5 20.577, n 5 21, P 5 0.006) at latrines closer to the sett than in those farther away. In contrast, females did not do so (Spearman's rank order correlation: r s 5 20.076, n 5 28, P 5 0.70).
Distance of latrines from seasonally important feeding sites: evidence for the PREH?-The 4 groups differed in terms of distance of the main group sett to both the wheat fields and the nearest pasture-grassland (Table 3 ). There was no correlation between the distance of any latrine from the nearest edge of wheat fields or pasture-grassland and either the mean number of feces deposited per day at each latrine (Spearman's rank order correlation: r s 5 20.076, n 5 76, P 5 0.52) or in the total number of days for which each latrine was used over the bait-marking periods (Spearman's rank order correlation: r s 5 20.04, n 5 76, P 5 0.73). Similarly, there was no correlation between the distance of a latrine from the nearest pasturegrassland and the mean number of feces deposited per day at a latrine (Spearman's rank order correlation: r s 5 0.000, n 5 76, P 5 1.000) or in the total number of days each latrine was used (Spearman's rank order correlation: r s 5 20.122, n 5 76, P 5 0.29). The distance of a latrine from the wheat fields or pasturegrassland had no significant effect on the number of feces containing primary food categories (P , 0.05; Table 4), with the exception of wheat. Latrines between 0 m and 600 m from the wheat fields contained more wheat-bearing feces (Spearman's rank order correlation: r s 5 20.333, n 5 76, P 5 0.003) than those farther away, although latrines located up to 1,000 m away from the wheat fields also contained feces with wheat.
Distance of boundary latrines from the wheat field or pasture-grassland.-Boundary latrines 200-500 m away from the wheat fields where badgers actively foraged contained more feces (Spearman's rank order correlation: r s 5 20.463, n 5 29, P 5 0.11) and were used more frequently (Spearman's rank order correlation: r s 5 20.453, n 5 29, P 5 0.14) than those .500 m away. There was no correlation between distance of the latrine from pasture-grassland and either its use (Spearman's rank order correlation: r s 5 20.036, n 5 29, P 5 0.853) or the number of feces deposited therein (Spearman's rank order correlation: r s 5 20.022, n 5 29, P 5 0.908).
Individual use of latrines in relation to wheat field or pasture-grassland.-Neither sex deposited more feces in latrines closer to either the wheat fields or pasture-grassland (Spearman's rank order correlation for males and females, respectively: wheat fields: r s 5 20.12, 0.22, n 5 21, 28, P 5 0.60, 0.21; pasture-grassland: r s 5 20.29, 0.13, n 5 21, 28, P 5 0.21, 0.26).
Is there a common pattern of latrine use between different groups? Potential evidence for a marking strategy.-There was no difference between the apparent collective behavior of individuals associated with the 4 groups in either the number of days for which a latrine was used (Kruskal-Wallis 1-way ANOVA: H 5 3.84, P 5 0.28) or in the average number of feces deposited at any latrine (Kruskal-Wallis 1-way AN-OVA: H 5 4.521, P 5 0.21). Between 20% and 30% of all available latrines were used on a daily basis by the 4 groups, each differing in the percentage of available latrines used by its members on a daily basis (Kruskal-Wallis 1-way ANOVA: H 5 8.797, P 5 0.03).
Overall boundary latrine use.-There were no significant differences among the 4 groups in the frequency of boundary latrine use (Kruskal-Wallis 1-way ANOVA: H 5 5.449, P 5 0.142) or in the average number of feces deposited per day at a boundary latrine by group residents (Kruskal-Wallis 1-way ANOVA: H 5 5.682, P 5 0.128).
Daily boundary latrine use.-Not all of a group's boundary latrines were used on a daily basis. Each group used between 21% and 38% of their boundary latrines per day and the mean percentage of boundary latrines used daily did not differ significantly among groups (ANOVA: F 5 2.131, d.f. 5 3, 76, P 5 0.103). The badgers associated with each group took between 5 and 10 days to cover their entire boundary, that is, use every identified boundary latrine (group A 5 9 days, group B 5 5 days, group C 5 10 days, and group D 5 7 days).
Daily hinterland latrine use.-Hinterland latrines were not used every day. The percentage of available hinterland latrines used daily differed significantly among the 4 social groups (Kruskal-Wallis 1-way ANOVA: H 5 9.626, P 5 0.02).
Individual bait-marking: do individuals use particular latrines?-A total of 168 feces from individuals were successfully bait-marked. Of these, 85 feces (from a total of 8 known individuals) were used in further analyses. The number of different individuals from which bait-marked feces were recovered per month was comparable: September 5 5, October 5 6, December 5 5, and January 5 6.
Individual latrine use was not spatially random. Individuals favored some latrine sites over others (x 2 5 253, d.f. 5 105, P , 0.001), although there was a degree of overlap in the latrines used by all 8 badgers monitored (Table 1) .
Use of the same latrine on the same night as another individual.-Thirteen (81.25%) of the 16 latrines were used by .1 known individual on the same night. Of the 85 feces (8 individuals) sampled, 69.41% were deposited on the same night as another known individual defecated at that same latrine. Of these pairwise uses of the same latrine on the same night, 16.9% were female-female, 23.7% were female-male, 18.6% were male-male, 10.2% were female-female-male, and 30.5% were female-male-male (no order sequence in the co-use is implied).
DISCUSSION
Are latrines used as a means of territory defense? Support for the ATDH.-Fresh feces were concentrated at boundary latrines rather than distributed randomly across all latrine types within a group's territory. This supports the hypothesis, originally proposed by Kruuk (1978b) , that latrine use in highdensity populations is associated with demarcating group divisions and is implicit to territory defense (Frantz et al. 2006) . The number of feces deposited at boundary latrines closer to that group's sett also was significantly greater than in latrines farther away. This is compatible with the ATDH, insofar as fecal abundance could be used to signal the likelihood of encountering another badger across a territorial boundary (Stewart et al. 1997a) . Many studies have shown that the sett is an important resource (Doncaster and Woodroffe 1993; Rosalino et al. 2005; Stewart et al. 1999) and that the availability of suitable sett sites may limit badger densities (Rosalino et al. 2005) . In wolves (Canis lupus), scent marks are concentrated in ''hot spots'' more vulnerable to penetration by intruders (territory edge) or more valuable to owners (vicinities of breeding dens- Zub et al. 2003) .
At high density, badgers may focus defense on particular competitive arenas such as the group sett. Indeed, Böhm et al. (2008) found that 88.6% of all intergroup social interactions occurred at the main sett. Male badgers may have a greater vested interest in defending breeding setts than do females (Roper 1992) . Stewart et al. (1999) found that males of higher status (i.e., large, mature, frequently copulating individuals) put more effort into sett maintenance, such as digging and enlargement, than did males of low status. Stewart et al. (1999) hypothesized that this behavior by high-status males might encourage receptive breeding females in their home range to stay, or improve the survivorship of sired litters, or both. Dugdale et al. (2007; see also Carpenter et al. 2005) reported that about 50% of cubs were born to males from neighboring social groups as a result of both sexes visiting neighboring group setts. If setts are important competitive arenas, particularly for males, it may explain why male badgers used latrines closer to the sett more often than did females. Stewart et al. (2001) proposed that if feces signal sett occupancy, then under the ATDH the number of feces per boundary latrine should decrease as a function of distance from the sett. This concords with our general observations. However, we emphasize that predictions of the ATDH and If boundary latrines are used to signal current foraging activity or resource depletion rather than long-term territoriality, use of boundary latrines should vary depending on the juxtaposition of the sett, the current feeding area, and the proximity of the long-term boundary (Table 3 ). In our study, all 4 groups used boundary latrines to a similar extent, with a consistent percentage (but a different subset) of boundary latrines used each day. In contrast, use of hinterland latrines varied significantly each day. Thus, all groups apparently invested similar time and effort into using their boundary latrines and marking their entire outer-perimeter boundaries, irrespective of the location of a section of the boundary with regard to current feeding activity and irrespective of the distance of the boundary from the feeding site.
These patterns of intergroup marking accord with other studies examining density-dependent marking behavior in badgers (Hutchings et al. 2001) . At high population densities, badgers regularly defecate at border and hinterland latrines throughout the year (Kruuk 1978b; Stewart et al. 2001) . At low population densities, border latrines may be used less frequently and individuals tend to distribute their feces more widely, perhaps to maintain a high distribution of scent marks (Hutchings et al. 2002; Kruuk 1989) . Indeed, Macdonald (1980) suggested that border latrine marking was an option open only to populations of carnivores living in groups sufficiently large to generate the necessary supply of feces.
Is latrine use related to the proximity of major feeding grounds? Support for the PREH.-Latrine use did not appear to signal primarily the use or depletion of resources. Boundary latrines 200-500 m away from wheat fields where badgers actively foraged contained more feces and were used more often than those .500 m away. However, the correlation between distance from wheat fields and latrine use was not as strong as the correlation between distance from group sett to latrine. Although latrines 200-500 m from the wheat field contained significantly more wheat-bearing feces, this may be an artifact of latrine use being greatest nearer the setts, where setts were between 190 and 415 m away from the wheat fields (see Table 3 ). Latrines up to 1,000 m away from the wheat field also contained wheat-bearing feces. Distance of a latrine from the wheat field and the pasture-grassland had no detectable effect on latrine use, thus latrine use was not simply the passive action of defecating in close proximity to a feeding area. In addition, the locations of the border latrines remained fixed over periods during which the availability of resources in feeding patches varied. The pattern of latrine use did change following the plowing of the wheat fields in October 2003, but nonetheless remained strongly correlated to proximity of the sett.
In summary, the pattern of latrine use during autumn and winter did not arise because badgers from the same social group avoided sections of boundary marked by each other, but nor were their patterns of latrine use along the boundary random with respect to each other. Latrine use in this highdensity population was most likely part of a mechanism for territorial defense, with members of a social group depositing feces in a nonrandom manner in relation to their sett and with regard to one another. The consequence of this behavior is that the boundary is systematically reinforced. This provides the 1st evidence for a degree of systematic cooperative behavior in the deployment of border latrine marks.
Marking the boundaries: a division of labor?-If boundary latrines are used as a means of territorial advertisement in badgers, this can be achieved most effectively if the task is divided among group members (Macdonald 1980) . Individual members of a group might maintain an individual subset of latrines or sector of the border, or all individuals might deploy their marks around the border latrines at random. Our findings suggest that badgers may collaborate to mark their territorial boundary. First, the latrines used by the members of 1 group on a particular night were spread out along the group's boundary rather than clumped in a particular sector. Latrines far away from the sett were used regularly, irrespective of proximity to seasonal feeding grounds and unmodified by local pressures from neighboring groups, indicating deliberate travel to these marking sites. Honey badgers (Mellivora capensis) also undertake specific trips to latrines, heading in a straight line to a latrine from as much as 2.8 km away (Begg et al. 2003) .
Second, there were far more boundary latrines than group members. Given an individual's limited capacity to produce feces, it would not be possible for each boundary latrine to be reinforced by fresh defecations by members of each group every night (this constraint could be different for other social odors). Instead, each group used a consistent percentage, but different subset, of boundary latrines per day and the entire boundary of each group was regularly reinforced over a period of 5-10 days.
Badgers also use subcaudal secretions to mark both their environment and each other, and these secretions may last up to 48 h in the environment (Buesching et al. 2002c (Buesching et al. , 2003 . Individuals were observed to reinforce their own subcaudal scent marks after 1.5 days 6 2.34 SE and over-marked the scent marks of others after 4.1 6 6.3 days . Fecal matter is deposited in greater volume, and mainly is deposited in pits rather than as a thin film on exposed substrates that is more prone to desiccation and evaporation. Thus, feces may potentially encode information for longer time periods than subcaudal markings. Examination of our data suggests that fecal deposits in latrines lasted 5-10 days before needing to be reinforced.
Some badgers visited and defecated preferentially at boundary latrines rather than deposit feces at the closer hinterland latrines. Even so, it seems unlikely that complete latrine coverage every 5-10 days could not be reliably achieved by a ''1st come, 1st served'' strategy in which individuals avoid marking sites that have recently been marked by another group member. Further, 81.25% of latrines were used on the same night by more than 1 of the 8 focal individuals during the individual bait-marking trial, suggesting that the observed pattern in latrine use did not result from mutual avoidance within the social group. Third, individual latrine use was not random and individuals used certain latrines preferentially, but without reference to activities of comembers or to the proximity of the latrine to active feeding sites. Although badgers are considered solitary feeders, .1 badger, and often from .1 social group, will feed at the same site at the same time (Kruuk 1978a (Kruuk , 1989 Neal and Cheeseman 1996) , particularly when the resource is not limiting. For example, 26 different badgers from 2 social groups have been observed visiting 2 farm sites over a period of 450 h (Garnett et al. 2002) . Therefore, it appears unlikely that individual latrine use can be explained solely as the result of different badgers favoring different feeding areas.
Franz et al. (2006) examined fecal DNA and concluded that use of boundary latrines was not sex-or age-specific and that all members of a badger social group may contribute to the defense of the whole territory. Kowalczyk et al. (2006) found that consecutive nightly ranges of radiotracked badgers overlapped by 24%, indicating a rotational use of area, perhaps as part of a system functioning to defend large territories. Similar behavior has been documented in other species such as the kinkajou (Potos flavus), which also is a solitary feeder but which sleeps in social groups, participates in allogrooming, and has strict territorial boundaries that are marked and defended by small coalitions of males (Kays and Gittleman 2001) . The Ethiopian wolf (Canis simensis) is another solitary feeder that lives in groups where all members contribute to territorial defense by scent marking at territorial borders (Malcolm 1997; SilleroZubiri and Gottelli 1995; Sillero-Zubiri and Macdonald 1998) . Examination of our data indicates that members of social groups of European badgers also systematically divide the labor of marking their boundaries, hence latrines around their entire boundary are refreshed on a regular basis.
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